Introduction
The concept of a global nutrition index (GNI) is of potential interest and application. A global hunger index has been devised to highlight the problem of world hunger in children in order to influence the political will to combat it [1] . This index has been tabulated for 119 countries based on the proportion of the population undernourished, the prevalence of underweight in children under 5 years of age, and the proportion of children dying before the age of five. However, at present there is no worldwide GNI to assess a nation's overall nutrition status, and not just hunger. Such an index could be used by international agencies such as the World Health Organization (WHO), the Food and Agriculture Organization (FAO), UNICEF, etc., as well as governments and policy makers to set priorities and targets in combating problems of malnutrition (both deficiency and excess) and improving human well-being and productivity. Furthermore, the index could be used for comparisons between countries, much like the gross domestic product (GDP), which is also a component of the human development index (HDI). The multifactorial nature of nutritional status means that currently it is difficult to compare countries on the basis of overall nutrition. Although there is a wealth of data on individual indicators, such as energy consumption and micronutrient deficiencies, there is no one measure of overall nutrition that could rapidly assess the nutritional status of a country and allow such across-country comparisons to be made.
A nutrition index should avoid replicating information that is already known. There are already too many maps that show the usual picture: sub-Saharan Africa and parts of Asia strongly colored red, the rest of Asia and Latin America somewhat pinkish, and North America and Western Europe either white or pale pink. If the nutritional index presents this exact picture, then it will not be particularly informative or useful. It is intuitive and easily verifiable that those in poorer countries will be the most undernourished in both macro-and micronutrients. Therefore, one of the goals of the GNI should be to demonstrate the burden of overnutrition as well. Although it may seem strange to weight obesity on a par with starvation, in fact both represent serious malnutritional problems, which affect health, quality of life, and productivity.
The threefold cord
This paper will briefly discuss the overall requirements for a well-nourished person, constructed from estimates of nutritional deficits, excess, and food security. Then the sources of these data will be presented, together with the methodology used to create the GNI. Finally, the actual index will be calculated and compared with the HDI, another global index of a country's well-being [2] .
Depending on its severity, undernutrition can have significant consequences, such as increased morbidity and mortality. For instance, the Global Burden of Disease Project reports that underweight-for-age in children is the fourth leading cause of mortality in the world and the leading cause of morbidity [3] . Even when undernutrition is not so extreme, it is still associated with decreases in the cognitive and physical abilities that are necessary to realize optimal growth and development potential. Together, these combine to produce lower economic productivity in both service and knowledge economies and in industrial and agricultural economies. Finally, there is some evidence that undernutrition is associated with susceptibility to chronic diseases [4] . Undernutrition is commonly assessed by anthropometric measures such as stunting, wasting, and underweight [5] .
Micronutrients are considered extremely important in nutrition: in fact, a lack of adequate micronutrition is called the "hidden hunger. " Vitamin A, iron, and iodine are the micronutrients of greatest concern [6]. Lack of vitamin A is a leading cause of morbidity and mortality and leads to blindness in 250,000 to 500,000 children each year. Vitamin A deficiency also compromises the immune system [3, 7] . Iron deficiency leads to anemia, another leading cause of morbidity and mortality, and iron-deficiency anemia is the most prevalent nutritional disorder on the global scale. It affects over 2 billion people and is responsible for 14 DALYs (disabilityassociated life-years) lost per 1,000 population globally. Furthermore, iron-deficiency anemia is associated with maternal death, low birthweight, low scholastic performance, and decreased immune-system function [3, 8] . Inadequate iodine intake leads to iodine-deficiency disorders, which include goiter, neurologic deficits, and cretinism [8] . Zinc deficiency is one of the leading causes of global mortality and morbidity [3, 9] . One mediator of micronutrient status is adequate intake of fruits and vegetables. Inadequate intake of these foods is the sixth leading global cause of mortality and the tenth leading cause of morbidity [3] .
In recent years, there has been a growing concern not only about undernutrition but also about overnutrition. Global trends in obesity indicate a rising incidence throughout the world. Obesity has severe public health consequences. On the individual level, it is a risk factor for cardiovascular disease, stroke, type 2 diabetes, some cancers, osteoarthritis, and certain respiratory disorders. It is also associated with higher levels of disability and absenteeism from work. On the population level, obesity is associated with increased health expenditures and results in a less productive society [10] . Obesity is usually measured by the body mass index (BMI), with a BMI over 30 kg/m 2 indicating obesity. The epidemiologic transition from acute infectious diseases to chronic diseases also has a nutritional aspect, in that many developing countries have a high prevalence of undernutrition with a rising prevalence of obesity, the so-called double burden [11, 12] .
Food security is a key priority in global nutrition, and combating hunger and poverty, crucial elements of food insecurity, is the first Millennium Development Goal [13] . The FAO defines food security as "when all people, at all times, have access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life" [14] . Factors that affect food security include poverty (food-purchasing power), food availability, and inequality in access to food within a country. Measuring household food security is not simple, and there is no one accepted way to do so [15] .
The global nutrition index (GNI)
The GNI includes the three aspects of nutrition discussed above. Appropriate parameters for measuring these areas were chosen on the basis of comprehensiveness (measuring all aspects of the area), completeness (availability for all countries), and comparability (the appropriateness of comparisons of the measure among countries).
To measure nutritional deficit, the age-standardized DALYs lost per 100,000 population due to nutritional factors was chosen. This measure, compiled by the Global Burden of Disease Project, measures the burden of disease caused by protein-energy malnutrition as well as that caused by micronutrient deficiency [16] . This measure ranges from 55.3 in Barbados to 2,067 in São Tomé and Principe.
Obesity was measured with the use of WHO data for international comparisons of obesity in 2005, expressed as the percentage of women aged 15 to 100 with BMI greater than or equal to 30 [17] . Women were chosen because data are not available for both sexes combined, and, in general, obesity is greater in females than in males. These WHO data are age-standardized and "cleaned" to allow comparison among countries, since obesity surveys are conducted differently in different countries. The methodology for this is available from WHO [18] . Briefly, data are adjusted for definitions, adjusted for a standard set of age groups, made representative of the national population, and standardized for the reporting year with the use of trend data. Then they are age-standardized to the WHO standard population. This measure ranges from 0 in Ethiopia to 78.8 in Nauru.
Food security was measured with the use of the FAO statistic on the percentage of the population with undernourishment [19] . This statistic takes into account the level of inequality in access to food within a country. It ranges from less than 2.5 (reported as 2.5) for most developed countries to 77 in the Democratic Republic of the Congo.
The countries were divided into four groups, based on the WHO classification of countries, with some modification [20] . These groups were developed countries, countries in transition, low-mortality developing countries, and high-mortality developing countries.
The formula for the GNI was based on that developed for the HDI [2] . Because of the lack of an obvious or evidence-based way to weight the three parameters of nutrition, it was decided to weight them equally, as in the HDI. Here the life-expectancy index, education index, and GDP index are all weighted at one-third. As for the HDI, the three parameters were scaled on a 0 to 1 scale, with the formula (x − min)/range, where x is the statistic for the country in question, min is the minimum value in that group, and range is the maximum minus the minimum for that group. The three scaled statistics were averaged for each country. Because in each case a higher value indicated a worse outcome, the scale was inverted by subtracting the average from 1. This left a final score between 0 and 1, with higher scores indicating better nutrition. Sample calculations are given in the Appendix.
A second GNI value, designated "GNIg" (for global, representing the ranking of all countries world wide and not by their development status group which is described by the GNI), was also calculated. The GNIg was computed without dividing countries into four groups, so that each country was ranked in relation to all other countries in the world and not just those in its group. It is important to note that each set of GNI figures is independent and cannot be compared, since they are relative measures based on the other countries within the group.
For some countries, the FAO has not calculated a percentage undernourishment statistic. For these countries, the average of the group was used. The FAO food-insecurity score is identical for all developed countries at 2.5%, except for Brunei Darussalam at 4%. Because this difference pulled the GNI score for Brunei Darussalam from 0.45 to 0.12, it was decided to set the FAO score to 2.5 for that country as well. Since scaling the identical scores for computation of the GNI for developed countries was impossible because the denominator equals 0 in the equation (x − min)/(max − min), all of the developed countries were assigned a relative undernourishment score of 0. In the calculation of GNIg, the undernourishment statistic for Brunei Darussalam was left at 4.0.
Ranking of countries according to the global nutrition index
Complete data for the GNI were available from 192 countries. Table 1 presents their GNIg ranks, together with the component scores and country group classification. The scores for the components highlight where nutritional problems lie in a specific country. The ranking of countries in the GNIg was compared against their rank in the HDI for 2004; the Pearson correlation coefficient is 0.74, indicating that there is close, but far from perfect (55% of variance explained), correlation between the two indices. This illustrates the fact that a country can be developed yet have a poor nutritional level, or vice versa. For instance the United States, which ranks eighth in the HDI, ranks 99th in the GNIg, primarily because of its high obesity rate. Conversely, Indonesia ranks 38th in the GNIg, but 108th in the HDI. The fact that the HDI and GNIg are not in such close agreement suggests that the GNIg indeed represents an independent contribution to the well-being of a nation. This can be seen in figures 1 to 4, which show the comparative ranking in HDI and GNI for each of the four country groups. In these figures, the diagonal is a 45-degree line and not a line of best fit. If the GNI rank and the HDI rank were perfectly correlated, all points would fall on the line. If a country is above the line, its nutrition outranks its development, and if a country lies below the line, its nutrition lags behind its development. A few countries have no HDI rank. They were removed from the GNIg ranking, as well from the figures. The ranking of the highest and lowest countries in the four country group categories (with their GNIg values) is as follows: developed countries-Japan 1 (0.989), United States 99 (0.806); countries in 
Strengths and limitations of the GNI
The GNI and GNIg scores are designed to convey in one statistic the level of nutrition in a country and the relative levels between countries. The scores seem to have a high level of validity. They incorporate three key areas of nutrition and they generally correlate with expectations about level of nutrition, with very poor countries coming at the end and highly developed countries mostly in the upper ranks. One of the advantages of the scores is that they penalize countries for obesity as well as for nutritional deficits, meaning that some developed countries actually fare rather poorly and some developing countries fare well. The index thus illustrates the fact that good nutrition and development are not necessarily synonymous. The GNI scores can be useful in comparing countries with others of a similar level of development, whereas the GNIg scores can be used to compare all the countries of the world. The GNI and GNIg are practical heuristic indices to help understand and follow up the overall nutritional status of a country to include the problem of obesity, which may not be considered as serious a public health problem as undernutrition. If this is understood, then of course no one is expected to divert money from Ecuador, with a GNIg of 0.856 and a rank of 64, due to problems of deficiency and food insecurity, to the United States, with a GNIg of 0.806 and a rank of 99, where obesity is the major nutritional concern. The Dominican Republic is ranked 149, with a GNIg of 0.712, whereas Somalia is ranked 147, with a GNIg of 0.718. A consideration of the subscores shows that the problems in the former are obesity (32%) and food insecurity (29.00), whereas deficiency (1024) and food insecurity (27.10) are dominant in Somalia, with an obesity rate of only 2.6%. The tradeoff between food deficiency and obesity in the two countries accounts for the close proximity of their ranking. A policy decision is involved as to where to place nutrition efforts to improve the situation in both countries.
The existing indices-HDI and GHI-both meld together three indicators in an attempt to assess the state of a nation in a single number. This may be problematic, since it glosses over the complexity of the situation. Countries in transition and those with a double burden of disease would have to study the three individual subscores. For this purpose the GNI rankings (as opposed to the GNIg) within one of the four country groupings allow a better understanding of the individual nutritional status in comparison with other countries at similar levels of economic development.
There are some limitations to the GNI and GNIg. First is the question of data quality. The scores are based on WHO and FAO data, which are only as good as the data-collection methods in each country. Furthermore, all three of the components are not "pure" but rather are manipulated in some way by WHO or FAO. For instance, the DALY data are based on healthstatus valuation scores, the obesity data were cleaned for international comparison, and the undernourishment scores include a coefficient of inequality. Therefore, these data sets rely on various assumptions and decisions that may or may not be wholly valid. Second is the relative aspect of the scale. The advantages of relative scales are that they allow for easy scaling of data on different scales (DALYs vs. percentages, for instance). However, they also have disadvantages, so that a change in data for one country affects all other countries, and a maximum score does not represent absolutely perfect nutrition but rather the current best, even if it is inadequate. Finally, there is the general epidemiologic problem that representing a diverse country with a single number inherently misrepresents the status of individuals within that country. It is not truly possible to reduce a country of over a billion people to one nutritional-status number, since within the country there may be a continuum of people from starving to perfectly nourished. Nonetheless, this first attempt at creating a worldwide nutrition index appears reasonably successful at providing a basic understanding of the nutritional levels across the world. Further research is needed to identify relationships between the GNI (and its subcomponents) and chronic noncommunicable diseases, such as heart disease and diabetes, which have major nutritional and socioeconomic determinants.
We believe that the GNI and GNIg will enable countries to prioritize their nutritional problems and develop sustainable public health nutrition programs. Such monitoring may be described graphically using the figures for the relevant country groupings, so that a given country should adopt policies to improve its nutrition and human development by moving in the direction of the lower left. We also suggest that since nutrition is such a fundamental part of human wellbeing, the GNI and GNIg should be updated yearly and published along with, or even included in, the HDI.
Appendix. Calculating GNI and GNIg GNI
The basic formula is
where E = relative score of nutritional excess D = relative score of nutritional deficit S = relative score of food security.
As an example, we calculate the GNI of Paraguay. Paraguay is classified as a low-mortality developing country (group 3).
Its nutritional excess is 17.20 (percentage of women who are obese). Its nutritional deficit is 597 (DALYs lost per 100,000 due to nutritional deficits). Its food security is 15.00 (percentage of population who are undernourished).
Within the low-mortality developing-country group: 
